



N O T I C E 
 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 
https://ntrs.nasa.gov/search.jsp?R=19820012611 2020-03-21T08:36:53+00:00Z

STARPROBE: A Design Study f o r  
a n  X-Ray Imaging Ins t rument  
Prepared f o r  : 
Jet Propu ls ion  Laboratory  
C a l i f o r n i a  I n s t i t u t e  o f  Technology 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
Under Cont rac t  Number 955928 
as p a r t  of NASA Cont rac t  NAS7-100 
Prepared by: 
American Sc ience  and Engineer ing,  Inc .  
Space Systems D i v i s i o n  
37 Broadway 
A r l i n g t o n ,  Massachuset ts  02174 
October 30,  1981 
Prepared and Approved by: 
T& M *L;s 
John M. Davis 
Program Manager 
FOREWORD 
This dccument is  t h e  F i n a l  Report of a des ign  s t u d y  of X-ray imaging 
t echn iques  a p p l i c a b l e  t o  t h e  STARPROBE miss ion.  The s tudy  was per-  
formed by A m e r i c a ~  Science arid Engineer ing (AS&E) Space Systems 
D i v i s i o n ,  under cc: l t rac t  t o  t h e  Jet Propu ls ion  Laboratory  (JPL). 
Technica l  d i r e c t i o e  a t  JPL was g iven  by D r .  J.H. Underwood and M r .  
J.E. Randolph. 
A t  AS&E t h e  otudy p a r t i c i p a n t s  were D r .  J . M .  Davis ,  D r .  R.C. Chase, 
D r .  N.G. L r t e r ,  M r .  J. Ortendahl  and M r .  X. Mastronardi .  
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1 0 INTRODUCTION 
STAEUPROBE i s  a NASA proposed mul t i -d i sc ip l inary  mission t o  s tudy the  
sun from the  p e r s p e ~ t ~ ~ e  of a c lo se  encounter ,  The crsrrent t r a j e c t o r y  
has p e r i h e l i o n  occurr ing a t  4 R@ o r  3 R, above t h e  su r f ace  of the  
photosphere. This t r a j e c t o r y  w i l l  permit measurement ~f t h e  s o l a r  
quadrupole moment ( J2 ) ,  i n  s i t u  measurements of t he  p a r t i c l e  and f i e l d  
environment near  t h e  sun and imaging observa t ions  with a r e s o l u t i o n  
unobtainable  from e a r t h  o r b i t .  
A s  a prel iminary t o  the  mission, s t u d i e s  were commissioned t o  e s t a -  
b l i s h  whether imaging experiments,  which must look a t  the  sun, could 
be c a r r i e d  ~ u t  from STARPROBE. A s  a r e s u l t  of proposals  received from 
a competi t ive RFP, !mericsn Science and Engineering, k c .  (AS&E) and 
Ba l l  Aerospace Systems Div is ion  (BASD) were s e l e c t e d  t o  perform stud- 
i e s .  By mutual agreement between JPE and t h e  two con t r ac to r s  AS&Ets 
e f f o r t  was d i r e c t e d  t o  t h e  study of X-ray imaging (graztng incidence 
o p t i c s )  while BASD would s tudy  vis ible:  and UV imaging(') (normal 
inc idence  op t i c s ) .  
The s c i e n t i f i c  ob j ec t i ve s  e s t ab l i shed  f o r  t h e  X-ray instrument  have 
been e s t a b l i s h e d  by t h e  STARPROBE Ad Hoc Imaging ~ o m m i t t e e . ( ~ )  They 
a r e  : 
1. What is  t h e  thermal s t r u c t u r e  of coronal  loops? How important  
is  mass flow i n  l oops ,  and how is mass exchange between the  
chromosphere and coronal  h o p s  accomplished? Can evidence f o r  
hea t ing  by cur ren t  d i s s i p a t i o n  o r  reconnect ion be discerned from 
t h e  thermal s t r u c t u r e  of loops? 
2. What is  the  s t r u c t u r e  of coronal  b r i g h t  po in t s?  What r o l e  do 
they  play i n  the  t r anspo r t  of mass i n t o  t he  s o l a r  wind, and i n  
t h e  emergence of magnetic f l u x ?  What processes hea t  b r i g h t  
p o i n t s  and supply t h e  energy f o r  t h e i r  f l a r e - l i k e  behavior? 
3. What is  the  t r a n s i t i o n  reg ion  s t r u c t u r e  i n  coronal  ho les  (open 
f i e l d  reg ions)?  What processes a r e  respons ib le  f o r  mass t rans-  
po r t ?  Are abundance g rad i en t s  observable  i n  t h e  low corona i n  
holes? 
4. How does t h e  energy budget of the  corona d i f f e r  i n  coronal  
ho les ,  and i n  s t rong  and weak f i e l d  regions? 
To provide observat ions t h a t  w i l l  meet t he se  ob j ec t ives  t h e  X-ray in-  
s t rumect  must be capable  of 1 a r c  second angular  r e s o l u t i o n ,  There i s  
a l s o  a  requirement f o r  ob ta in ing  rap id  exposures,  s i n c e  during the  
p e r i h e l i o n  passage t h e  sub-probe point  w i l l  be moving a t  approximately 
7 a r c  seconds per second. Since plasma d i agnos t i c s  r equ i r e  images 
through a t  l e a s t  two d i f f e r e n t  f i l t e r s  t he se  images must be acquired 
c l o s e  toge ther  i n  time i f  u n c e r t a i n t i e s  a r i s i n g  from s p a t i a l  misalign- 
ments a r e  no t  t o  be introduced i n t o  t he  ana lys i s .  
Therefore ,  during t h i s  study we have: 
1. D e v e i o p e d a d e s i g n f o r t h e X - r a y o p t i c s w h i c h w e  be l ive  s a t i s -  
f i e s  t h e  s c i e n t i f i c  requirements and can be accommodated wi th in  
t h e  STARPROBE base l ine  design;  
2. Performed s t r u c t u r a l  and thermal analyses  which descr ibe  the  
environment t h a t  must be maintained wi th in  t h e  instrument  
package t o  meet t h e  t o l e r ances  of t h e  instrument;  
3. Studied t h e  X-ray and thermal p rope r t i e s  of t h e  te lescope  pre- 
f i l t e r s  which have t o  withstand t h e  d i r e c t  and i n d i r e c t  thermal 
loading a t  pe r ihe l ion ;  
4. Estimated t h e  exposure tio~es requi red  f o r  t h e  te lescope  design 
developed under Paragraph 1. 
2.0 MIRROR DESIGN 
Ge,zeral Requirements 
The primary ob jec t ive  of the  X-ray imaging te lescope  on STARPROBE i s  
t h e  a c q u i s i t i o n  of very h igh  s p a t i a l  r e s o l u t i o n  observat ions during 
t h e  spacec ra f t ' s  pe r ihe l ion  passage. Current grazing incidence t e l e -  
scopes have achieved 1 a r c  second r e s o l u t i o n  and the next genera t ion  
may, under the  most o p t i m i s t i c  s cena r io ,  push t h i s  l i m i t  t o  0.2 a r c  
seconds. (3 )  However, t h e  STARPROBE te lescope  w i l l  have t o  opera te  
w i th in  a severe  thermal environment and consequently i t  would be over- 
o p t i m i s t i c  t o  r e q u i r e  a te lescope  performance s i g n i f f c a n t l y  b e t t e r  
than 1 a r c  second. 
To pkaee t h i s  goa l  i n  perspec t ive  I a r c  second observa t ions ,  c a r r i e d  o u t  
from e a r t h  o r b i t ,  correspond t o  a s p a t i a l  r e s o l u t i o n  of 720 km on t h e  
sun's sur face .  The most o p t i m i s t i c  r e s o l u t i o n  s t t a ina ' b l e  from e a r t h  
o r b i t  t h i s  cen tury ,  may be 0.2 a r c  seconds, which corresponds t o  144 km 
on the  sun. However the  STARPROBE t e l e scope  wi th  o r~e  a r c  second reso- 
l u t i o n  c a r r i e d  t o  wi th in  t h r e e  s o l a r  r a d i i  of t h e  s o l a r  su r f ace  could 
r e so lve  f e a t u r e s  with a 10 km sepa ra t i on ,  i .e. ,  an o rde r  of magnitude 
improvement over t h e  bes t  t h a t  can be hoped f o r  from e a r t h  o r b i t .  
The system re so lu t ion  depends on t h e  performance of both t he  te lescope  
and i ts  de t ec to r .  That i s  t he  s i z e  of t he  d e t e c t o r  p i x e l  must be 
sma l l e r  than the  des i red  r e so lu t ion ,  i n  t h e  f o c a l  p lane ,  i f  t h e  de- 
t e c t o r  i t s e l f  i s  not  t o  l i m i t  r e so lu t ion .  I n  p r a c t i c e  t he  d e t e c t o r  
s i z e  is  f ixed  .-a t he  f o c a l  l eng th  of t he  te lescope  is  chosen t o  match 
t h e  d e t e c t o r  p i x e l  with the  r e s o l u t i o n  requirement.  However f o r  STAR- 
PROBE t h e  t o t a l  l eng th  of t h e  instrument  is  a l s o  r e s t r i c t e d  and i t  i s  
impossible  t o  match de t ec to r s  and f o c a l  l engths  t o  o b t a i n  t h e  des i r ed  
one a r c  second r e s o l u t i o n  wi th  a s i n g l e  mir ror  te lescope.  Therefore 
we have adopted a two mirror  s o l u t i o n  i n  which a second graz ing  i n c i -  
dence mir ror  i s  used t o  bend t h e  focused beam from t h e  primary image. 
This o p t i c a l  system has been r e f e r r e d  t o  a s  a d iverg ing  r e l a y  o p t i c s  
tel e ~ c o ~ e ' ~ )  s i n c e  t h e  second r e f l e c t i o n  occurs  before  the  primary 
focus and performs the same func t ion  a s  s diverg ing  l e n s  i n  a  normal 
incidence o p t i c a l  system. 
Because of t h e  f ixed  d e t e c t o r  s i z e  t h e r e  e x i s t s  a  c o n f l i c t  between 
r e s o l u t i o n  and f i e l d  of view, i.e., a s  t he  r e s o l u t i o n  inc reases  t he  
f i e l d  of view decreases .  This poses a  pos s ib l e  problem f o r  t h e  i n t e r -  
p r e t a t i o n  of t he  h ighes t  r e so lu t ion  images i n  terms of t he  Eeatures  
which can be observed from ea r th .  The double graz ing  incidence m i r -  
r o r  system w e  have adopted aggravates  t h i s  problem but a l s o  provides 
a  s o l u t i o n .  The problem i s  t h a t  ray t r a c i n g  i n d i c a t e s  t h a t  t he  reso- 
l u t i o n  of t h e  secondary image f a l l s  o f f  r a p i d l y  with off-axla ang le ,  
more r ap id ly  than f o r  a  s i n g l e  mir ror  system and t h i s  eEfect  may l i m i t  
t he  f i e l d  of view before  the d e t e c t o r  i i m i t  i s  reached. Although 
experience gained comparing pred ic ted  b lu r  c i r c l e  r a d i i  with a c t u a l  
observa t ions  f o r  s i n g l e  grazing incidence mir ror  systems suggests  t h a t  
t h i s  problem might be overs ta ted . (4)  However i f  a  second d e t e c t o r  is  
provj.ded a t  t h e  grirnary focus ;It: can be used f o r  l o c a t i n g  the  magni- 
f i e d  images wi th in  t h e  framework of t he  t a r g e t  area.  Therefore our 
base l ine  des ign  provides f o r  imaging a t  both t he  primary and secondary 
f o c i .  
2.2 Design Parameters 
The STARPROBE X-ray te lescope  has been designed t o  meet t he  fol lowing 
c r i t e r i a :  
1. A s u f f i c i e n t  c o l l e c t i n g  a r e a  t o  take  rap id  exposures,  
2. An e f f e c t i v e  on-axis (wi th in  1 a r c  min) r e s o l u t i o n  of 1 a r c  
second, and 
3.  A f i e l d  of view of s u f f i c i e n t  s i z e  s o  t h a t  t h e  images can be 
i n t e r p r e t a b l e  i n  terms of t h e  f e a t u r e s  seen from e a r t h  o r b i t .  
The second and t h i r d  requirements a r e ,  i n  p a r t ,  e s t a b l i s h e d  by the  
s i z e  of t h e  de t ec to r  which we have taken a s  an 800 x 800 element CCD 
with 15 micron c e l l s ,  Therefore t he  images w i l l  have a square format 
with a s i d e  ~f 1.2 cn. This s e l e c t i o n  is  somewhat a r b i t r a r y  but re- 
f l e c t s  e x i s t i n g  technology. Improvements i n  t h i s  a r ea  w i l l  r e s u l t  i n  
s i m i l a r  improvements i n  the  performance of t h e  STARPROBE X-ray t e l e -  
scope. 
I n  Table 2-1 we show the  maximum f i e l d  of view, allowed by t h i s  de- 
t e c t o r ,  a s  a func t ion  of t h e  f o c a l  length  of a s i n g l e  mirror  system. 
For t he  range of f o c a l  lengths ,  which could be contained wi th in  t h e  
STARPROBE spacec ra f t ,  0.5 and 1.75 m, t he  f i e l d  o f  view ranges from 
82.5 t o  23.6 a r c  minutes. Typical ly  X-ray mir rors  a r e  designed wi th  
f i e l d  of view of o rde r  l o  and any of these  values could form the  b a s i s  
f o r  a use fu l  X-ray mirror  design. 
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Two i n s t r u c t i v e  parameters included i n  t he  Table a r e  the  equivalent  
f i e l d  of view which i s  the s i z e  of t he  pe r ihe l ion  f i e l d  when viewed 
from t h e  e a r t h  and the  s p a t i a l  r e s o l u t i o n  of a de t ec to r  element a t  
per ihe l ion .  Inspect ion of Table 2-1 shows t h a t  even the  longest  f o c a l  
length ,  s i n g l e  mirror system, which could be contained wi th in  STAR- 
PROBE, does not provide s u f f i c i e n t  r e s o l u t i o n  and t h a t  even so  t h e  
equivalent  f i e l d  of view f o r  t h i s  t he  longes t  f o c a l  l eng th  system is  
qu i t e  small .  
Our proposed s o l u t i o n  i s  t o  add a s t a g e  of magnif icat ion by i n t r o -  
ducing a second set of g raz ing  inc idence  mirrors .  Using the  t h r e e  
s h o r t e r  f o c a l  l eng ths  of Table 2-1 and magnif icat ions between 3 and 
10, d t  i s  poss ib l e  t o  f i t  e f f e c t i v e  f o c a l  l engths  of 2.00 t o  5.00 m 
with in  t h e  instrument  package (Table 2-2). 
TABLE 2-2 
FIELDS OF VIEW 
Ef fec t ive  Pe r ihe l ion  
Focal Focal Viewed from Resolut ion 
Length Magnif i- Length Detector  Ear th  (Detector  P ixe l )  
Meters 
-- 
c a t i o n  Meters a r c  min a r c  seconds - kms 
Any of t he se  combinations would provide adequate r e s o l ~ g i o n  i n  prin- 
c i p l e  and al though t h s  secondary f i e l d  i s  smal l ,  t h e  primary image can 
be used f o r  p lac ing  t h e  secondary image i n  perspedctive. 
From t h i s  group of te lescopes  we have undertaken two d e t a i l e d  designs 
f o r  comparison purposes. We have s e l e c t e d  an e f f e c t i v e  f o c a l  l eng th  
of 3 m which provides  a r e s o l u t i o n  element of 10 km and compared the  
performance of X4 and X6 magnif iers  with 0.5 and 0.75 m primary f o c a l  
l engths .  
2 .3  Design of t h e  Secondary 
Xn p r i n c i p l e  secondary graz ing  incidence mir rors  can be designed t o  be 
placed e i t h e r  behind the  primary focus a s  an analog of t h e  eyepiece i n  
a s t a p l e  as t ronomical  t e lescope  o r  i n  Frorrt c f  t he  primary focus where 
they a c t  a s  a Barlow l e n s .  The l a t t e r  approach has t h r e e  advantages,  
namely : 
1. The primary focussed X-rays a r e  bent through a smal le r  angle  t o  
reach t h e  secondary focus,  thus  mintmizing r e f l e c t i o n  l o s s e s  and 
maximizing c o l l e c t i n g  area.  
2. The c l o s e r  t he  secondary mi r ro r  is  loca t ed  t o  t h e  primary, t h e  
smal le r  i s  t h e  displacement from t h e  nominal ray  of t h e  off-axis  
rays .  This  r e s u l t s  i n  an improved off-axis  response. 
3. A s h o r t e r  ovaral:, l ength  i s  p o s s i b l e  f o r  a given ob jec t  d i s t ance  
and m g n i f i c a t i o n .  
The secondary graz ing  incidence mir rors  of t h i s  approa-ch have hyper- 
5oloid-hyperboloid su r f aces  and the s t a g e s  %n t h e  des ign  of t he  t e l e -  
scope a r e  a s  follows: 
1. The primary i s  chosen a s  a Wolter Type 1 with paraboloid- 
hyperboloid sur faces .  Its dimensions a r e  governed by t h e  
f o c a l  length and grazing angle  which i t  i s  wished t o  use. 
Larger grazing angles  give g r e a t e r  c o l l e c t i n g  a r e a s  but a l s o  
l i m i t  t h e  sho r t  wavelength performance. As a compromise we  
have chosen a graztng angle  of 1.2 degrees  which g ives  good 
performance wi th  a n i c k e l  surfaced te lescope  down t o  6 2. 
The l eng th  of t he  elements of t h e  mir ror  a r e  made equal  t o  
t h e  mir ror  diameter which inc reases  c o l l e c t i n g  a r e a  a t  t he  
expense of off-axis  performance, 
2 ,  The ob jec t  d i s t ance  of t h e  secondary mir ror ,  t h a t  is t h e  loca- 
t i o n  of t h e  secondary mir ror  i n  f r o n t  of t he  primary focus,  i s  
e s t a b l i s h e d  such t h a t  t h e  o v e r a l l  l e n g t h  of t h e  system i s  1.75 m. 
This i n  t u rn  f i x e s  the r a d i i  of secondary mi r ro r ,  
3, Element, lsngtlrs of t h e  secondary mi r ro r  a r e  made j u s t  l a rge  
enough t o  ca tch  a l l  t h e  on-axis rays .  Increas ing  the  element 
l e n g t h  w i l l  i nc r ea se  t he  c o l l e c t i n g  a r e a  but  only a t  the  expense 
of degrading the  off-axis  performance. 
The r e s u l t s  of t h i s  ana lys i s  a r e  shown i n  Table 2-3. There a r e  two 
s i g n i f i c a n t  d i f f e r ences  between t h e  designs.  F i r s t ,  a l t h ~ u g h  the col-  
l e c t i n g  a r e a  is  higher  f o r  the  lower magni f ica t ios ,  t he re  is less 
f a l l -o f f  i n  c o l l e c t i n g  a r e a  with off-axis  angle  f o r  the  higher  magni- 
f i c a t i o n ,  i .e . ,  t h e r e  would be less non-uniformity i n  i n t e n s i t y  ac ros s  
the image. Secondly, t h e  r e so lu t ion  which is  def ined by the  rad ius  of 
the  K?lS b l u r  circle, a s  seen on the  sky, i s  b e t t e r  i n  abso lu te  magni- 
tude f o r  t he  h igher  magnif icat ion and a l s o  f a l l s  o f f  more slowly with 
i nc reas ing  angle off-axis .  
TABLE 2-3 
Off -Axi s 
Angle- Area - cm 2 Resolut ion - Arc Seconds 
Minutes 8 . 3  2 44 2 RMS Blur C i r c l e  Radius 
Case 1 
f  = 0.75 m 0 
magnif icat ion = 4 1 
-4 
8 
1 6  
Case 2 
f  = 0.50 m 0 




These r e s u l t s  a r e  a i i t t l e  a r b i t r a r y  i n  t h e  sense t h a t  i f  the  element 
length  of t he  X6 magnif ier  was increased ,  i t  would i nc rease  t h e  e f fec-  
t i v e  a r e a  and degrade t h e  r e s o l u t i o n .  There fore  t h e  t e l e s c o p e  des ign  
can be a d j u s t e d  t o  s a t i s f y  t h e  requirements  of any p a r t i c u l a r  exper i -  
menter. Since  t h e  h i g h e r  magni f i ca t ion  a l s o  p rov ides  t h e  l a r g e r  p r i -  
mary f i e l d  of view, we have chosen i t  a s  our  b a s e l i n e  des ign.  
The dimensions and s u r f a c e s  of t h e  primary and secondary m i r r o r s  a r e  
d e f i n e d  i n  Table  2-4 and F igure  2-1. The r e s u l t s  of X-ray t r a c i n g  
s t u d i e s  of t h e  r ~ a a l u t i o n  a s  a  f u n c t i o n  of o f f - a x i s  ang le  and c o l l e c t -  
i n g  a r e a  are shown i n  F igure  2-2. 
TABLE 2-4 
( a l l  dimensions i n  cms) 
Primary Mirror 
Focal Length = 50.0 
Princi j ,a l  Radius = 4,189 
Element Length = 8.378 
Grazing Angle = 1.2O 
Surface Equations 
Paraboloid y2 = d [ 2 { ~ + F + 2 a ( l + e ) ) + d ]  
Hyperboloid y2 = (2e + e2) [{z + F + a (1 -t- e ) l 2  - a 2 ]  
where a = 25.04377 
d = 0.08754 
e = 0.00175 
Secondary Mirror  
Object Distance = 23.324 
Imags Distance = 139.947 
P r i n c i p a l  Radius = 2.034 
Element Length = 5.303 
Surf a c e  Equations 
2 3 
Hyperboloid f 2  :z + 2c 3 f) 2- 
- - y- = 1 
F - e e 2 
Where b = 0.55498 
c = 8.35651 
e = 1.35693 
f = 49.95470 
SECONDARY MIRROR 
( HYPERBOLOID- HYPERBOLOID) 
PP<IMARY MIRROR 
( PARARBLOID - MYPERBOLOID) 
I 
+ 23.3- I 










Figu re  2-1.. Schematic Diagrams of t h e  STARPROBE Mirrors  Showing t h e  General 
Layout (a)  and t h e  Dimensions of t h e  Secondary Mirror  ( b ) .  
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Figure  2-2. Resul t s  of t h e  Ray Tracing S tud ie s  of  t h e  STARPROBE Mir rors .  
( a )  E f f ec t i ve  a r ea  a s  a func t ion  of wavelength. (b) The 
v a r i a t i o n  of t h e  RMS Blur  C i r c l e  Radius wi th  o f f - ax i s  angle .  
3.0 EXPOSURE TIMES 
The f o c a l  p lane  de t ec to r s  f o r  t he  STARPROBE X-ray te lescope  have been 
base l ined  a s  thinned,  back-illuminated CCDs with an  800 x 800 a r r a y  of 
15 micron p ixe l s .  Svch a  device does no t  cu r r en t ly  e x i s t  but we be- 
l i e v e  t h a t  t h e  n a t u r a l  development of CCD a r c h i t e c t u r e  w i l l  l ead  t o  
t h e  development of such devices  by t he  time STARPROBE becomes an ap- 
proved mission. The fol lowing c a l c u l a t i o n s  a r e  based on l abo ra to ry  
measurements made on an RCA device with 30 micron p i x e l s  a t  A S & E . ( ~ )  
The X-ray f l u x  a t  t h e  f o c a l  plane i s  given by ( 6 )  
A [EM] Fi(T) e rgs  sec-I 
where A = e f f e c t i v e  c o l l e c t i n g  a r e a  of t e lescope ,  
f = t e lescopa  f o c a l  l ength ,  
[EM] = emission measure, 
F ~ ( T )  = s p e c t r a l  i n t e g r a l .  
Ei i s  independent of R, because both t h e  t o t a l  X-ray f l u x  i nc iden t  
on t h e  CCD and the  number of p i x e l s  over which i t  i s  d i s t r i b u t e d  de- 
2 2  c r e a s e  a s  R . I f  we take A = 2.0 cm and f  = 3m, 
For  a  p i x e l  s i z e  15 pm x 15 ym, 
Ei = 4.3 x 10-l2 [EM] Fi(T) e r g / p i x e l / s e c  
The upper l i m i t  f o r  exposure i n t o  t h e  CCD without s a t u r a t i o n  i s  
= 1/11 [FW] " 3.6 1.6 x 10-l2 e rg /p ixe l  
where is t h e  average CCD de t ec t i on  e f f i c i e n c y ,  [FW] is the  f u l l  w e l l  
depth i n  e l e c t r o n s ,  and 3.6 x 1.6 x  10-l2 i s  the  energy i n  e rgs  
required t o  produce one electron-hole  p a i r ,  For a  f u l l  w e l l  depth of 
120,000 e l e c t r o n s ,  
It i s  d e s i r a b l e  t h a t  exposure not  exceed t h i s  l e v e l  anywhere on t h e  
CCD, because s a tu ra t ed  p i x e l s  on RCA CCDs tend t o  bloom, f looding 
ad jo in ing  p i x e l s .  
The lower l i m i t  f o r  exposure is based on the  CCD system noise ,  low- 
l e v e l  charge t r a n s f e r  e f f i c i e n c y ,  and/or  photon s t a t i s t i c s ,  depending 
on the  s c a l e  of s p a t i a l  va r i a t i ons .  This is  not  l i k e l y  t o  be less 
than 2  x  Emax, a s  t h a t  corresponds t o  an exposure near  1  keV 
photon/pixel.  
For a  t y p i c a l  a c t i v e  region of t h e  corona, w e  may take (6 )  
[EM] = 2 x  lo2' cmm3 and T  = 2.5 x lo6  O K  
For a  t y p i c a l  long wavelength f i l t e r  cons i s t i ng  of 1.1 x  g  cm-2 
of CH2 and 6  x  l r 5  g cm-2 of AP,, which corresponds t o  t h e  t h i n n e s t  
STARPXORE X-ray f i l t e r ,  we take Fi(T) = 3 x  from Figure 32 of 
Reference (6 ) .  ( I n  t h i s  f i g u r e  F ~ ( T )  i s  p l o t t e d  assuming the d e t e c t o r  
t.o be f i lm.  However, a t  t h i s  temperature t h e  s p e c t r a l  i n t e g r a l  f o r  a  
thinned,  back-il luminted CCD should no t  be very d i f f e r e n t  (7)).  Then 
from Equation ( I ) ,  we f i nd  the  exposure t o  be Ei = 2.6 x  e r g /  
p ixe l l s ec .  
0 
Since t h e  f r a c t i o n  of t h e  r a d i a t i o n  a t  wavelengths s h o r t e r  than 10 A 
i s  not  very l a r g e ,  we expect { ; 0.8. Thus, from Equation (2 )  t h e  
s a t u r a t i o n  exposure i s  a t  most 8.6 x  10 '~ e rg /p ixe l .  It would 
t ake  only 360 msec f o r  t he  a c t i v e  region descr ibed above t o  s a t u r a t e  
t h e  CCD. This  suggests  t h a t  equivalent  exposure t imes with a t h i n  
organic  f i l t e r  should be no more than 100-150 msec. 
For t h e  l a r g e  s c a l e  s t r u c t u r e  described i n  Reference ( 6 ) ,  [EM] = 5 x 
eme3, T = 1.6 x lo6 OK, and Fi(P) !+ f o r  f i l m  s o  Ei = 2.0 x 
e rg /p ixe l / s ec .  I n  150 msec the  t ime-integrated exposure is  6 x 
lom9 e r g / p i x e l .  With -6 near  un i ty ,  t h i s  represen ts  a small  ( O  2) bu t  
de t ec t ab l e  number of photons per p ixe l .  Bright  spo t s  of double t h i s  
i n t e n s i t y  should be d i s t i ngu i shab le  i f  the37 cover s e v e r a l  p ixe ls .  
For a s h o r t  wavelength f i l t e r ,  which i s  t y p i c a l l l y  2.67 mg/cm2 Be (and 
which would be one of t he  t h i cke r  STARPROBE f i l t e r s )  t h e  corresponding 
numbers a r e  Fi = 1 x and Ei = 8 x e rg /p ixe l / s ec  f o r  an ac- 
t i v e  region;  i f  6 =  2/3, i t  would take about 13.0 s e c  t o  s a t u r a t e  t he  
CCD and a u s e f u l  exposure would be 5 sec.  However, f o r  t he  l a r g e  
s c a l e  f e a t u r e s ,  Fi $ 5 x and Ei % 1 x 10-lo e rg /p ixe l / s ec ,  and 
i n  5 s e c ,  t h e  exposure would amount t o  no more than  1 photon/pixel.  
Thus, i t  would be very d i f f i c u l t  t o  record magnified images of the  
qu i e t  sun because t he  u s e f u l  dynamic range of t h e  CCD ( t h r e e  o rde r s  
of magnitude) i s  comparable t o  t h a t  of t he  s o l a r  image. 
However t h e  p r i n c i p a l  s c i e n t i f i c  ob j ec t i ve s  of t h e  STARPROBE mission, 
r equ i r ing  the  h ighes t  r e so lu t ion ,  a r e  the  s tudy of a c t i v e  region loops 
and X-ray b r i g h t  po in ts ,  no t  the  q u i e t  coronal  s t r u c t u r e s .  I n  f a c t  
the  q u i e t  corona would bes t  be s tud ied  a t  t he  primary focus.  A reduc- 
t i o n  of almost two orders  of magnitude i n  t h e  exposure time would 
r e s u l t  and t h e  r e so lu t ion  ( Q  100 km) would s t i l l  be a f a c t o r  of t en  
b e t t e r  than can be achieved from e a r t h  o r b i t .  
4.0 TELESCOPE PREFILTERS 
One of the  most c r i t i c a l  design choices  f o r  t he  STARPROBE X-ray t e l e -  
scope i s  the  m a t e r i a l  f o r  the  mirror  p r e f i l t e r s .  The p r e f i l t e r s  a r e  
mounted d i r e c t l y  i n  2ront  of t h e  te lescope  ape r tu re  and form the  p r i -  
mary b a r r i e r  between t h e  i nc iden t  s o l a r  hea t  and l i g h t  f l u x ,  which 
they  must r e j e c t ,  whi le  a t  t he  same time t r ansmi t t i ng  t he  s o f t  X-rays. 
T r a d i t i o n a l l y  aluminum f i lms  approximately 1500 t h i c k  mounted on a  
n i c k e l  mesh have been used. They a r e  h igh ly  r e f l e c t i v e  t o  v i s i b l e  and 
I R  r a d i a t i o n  and they can be made r e l a t i v e l y  p in  ho le  f r e e  so  t h a t  
t h e i r  v i s i b l e  l i g h t  t ransmission is on t h e  order  of 10'~. 
I n  looking f o r  a l t e r n a t i v e s  we have r e s t r i c t e d  our choices t o  metals  
wi th  lower atomic number and lower dens i ty  than aluminum. Higher 
atomic number and h igher  dens i ty  metals  would r equ i r e  even th inne r  
f i l m s  than aluminum f o r  s a t i s f a c t o r y  X-ray t ransmission.  This would 
presen t  d i f f i ~ u l t i e s  i n  terms of s t r u c t u r a l  i n t e g r i t y  and hea t  con- 
duct ion.  The non-metall ic elements can, a s  compounds, be made i n t o  
f i l m s ,  t h e  hydro- and f lurocarbons.  However, they are t r anspa ren t  
and tend t o  have low mebting poin ts .  
The two metals  which s a t i s f y  the c r i t e r i a  a r e  magnesium and beryllium. 
However only beryl l ium i s  a v a i l a b l e  i n  s u f f i c i e n t l y  t h i n  f o i l s ;  mag- 
nesium has t h e  added disadvantages of t a r n i s h i n g  i n  a i r  and i n  t h e  
form of t h i n  f o i l s  has a  r e l a t i v e l y  low i g n i t t o n  temperature.  
The X-ray t ransmission of aluminum and beryl l ium a r e  compared i n  Fi- 
gure 4-1, Both cases  cons ider  two p r e f i l t e r s  i n  s e r i e s .  For aluminum 
our s tandard  s p e c i f i c a t i o n  would provide a  t o t a l  depth of 3000 % (0.3 
microns). The t ransmission of 6000 1 (0.6 microns) of beryl l ium over 
t h e  2 - 100 8 range is  q u i t e  s i m i l a r  t o  t h e  s tandard  aluminum f i l t e r  
with t h e  beryl l ium having a  s l i g h t l y  h igher  t ransmission below 45 
and somewhat lower above. The beryl l ium Ka  edge occurs  a t  111 above 
which t h e  beryl l ium p r e f i l t e r  becomes highly t r ansmi t t i ng  0 5 0 % )  again.  
0 
W A V E L E N G T H  - ANGSTROMS 
F i g u r e  4-1. A Comparison of the X-Ray Transmiss ion  of Aluminum and 
Bery l l ium F o i l s .  
which t h e  be ry l l ium p r e f i l t e r  becomes h i g h l y  t r a n s m i t t i n g  ( ? S O X )  aga in .  
Beryl l ium p r e f i l t e r s  have two advantages  t h e y  can be made t h i c k e r  
and hence s t r o n g e r  and t h e  mel t ing  p o i n t  i s  twice  a s  h igh a s  aluminum 
(1276OC compared t o  600°C). The thermal  and s t r u c t u r a l  a n a l y s i s  (sec-  
t i o n  5 - 4 )  shows t h a t  they have a b e t t e r  s a f e t y  f a c t o r  and we have 
b a s e l i n e d  t h e i r  use.  
I n  p r a c t i c e  t h e  f i r s t  f o i l  of t h e  p r e f i l t e r  might be s l i g h t l y  t h i n n e r  
0 (2 .5  micron) and be coa ted  wi th  a  few h u d r e d  Angstroms of aluminum t o  
i n c r e a s e  i ts  r e f l e c t i v i t y .  
Beryl l ium f o i l s  a r e  commercially a v a i l a b l e  i n  t h i c k n e s s e s  down t o  0.1 
microns,  For s t r e n g t h  t h e  f o i l s  would be suppor ted  by a mesh which 
would be epoxy cemented t o  t h e  f o i l .  I n  o u r  thermal  a n a l y s i s  we have 
s t u d i e d  s i l v e r  and copper meshes. S i l v e r ,  because of i t s  h i g h e r  con- 
d u c t i v i t y ,  keeps t h e  f i l m s  s l i g h t l y  c o o l e r ,  whi le  copper i s  s l i g h t l y  
s t r o n g e r .  Meshes of e i t h e r  m a t e r i a l  can be o b t a i n e d  commercially. 
The epoxy used t o  a t t a c h e d  t h e  f i l m  t o  t h e  mesh i.s o n l y  s e v e r a l  
hundred xngstroms t h i c k  and consequent ly  does  no t  impose a  conduc t ive  
b a r r i e r  between t h e  f i l m  and t h e  mesh. The epoxies  a r e  a l s o  capab le  
of w i t h s t a n d i n g  t h e  h igh  o p e r a t i n g  t empera tu res  expected a t  p e r i -  
h e l i o n .  
5,0 STRUCTURAL AND THERMAL ANALYSIS 
5.1 I n t r o d u c t i o n  
The d e s i g n  of X-ray t e l e s c o p e s  f o r  s p a c e  a p p l i c a t i o n s  has  been per- 
f e c t e d  d u r i n g  t h e  l a s t  decade and i n  t h i s  r e g a r d  STARPROBE is a 
s t r a i g h t f o r w a r d  des ign  tash-. The c o n d i t i o n  t h a t  makes t h e  STARPROBE 
des ign  s o  c h a l l e n g i n g  is  t h e  thermal  environment.  The t e l e s c o p e  must 
look  d i r e c t l y  a t  t h e  sun i n  o r d e r  t o  d e t e c t  t h e  s o f t  X-ray emiss ion 
and t h e  des ign  t a s k  i s  t o  s h i e l d  i t  from both t h e  d i r e c t  and i n d i r e c t  
thermal  r a d i a t i o n .  
The c o n f i g u r a t i o n  of t h e  STARPROBE ins t rument  bay has  bsen t aken  from 
t h e  Je t  Propu ls ion  Laboratory  Sc ience  Options Review package d a t e i  
1/6/81.  F igures  5-1 and 5-2 show t h e  s c i e n t i f i c  ins t rumel i ts  p r o t e c t e d  
from t h e  sun by t h e  primary s h i e l d  which blocks  t h e  d i r e c t  s o l a r  r a d i -  
a t i o n  excep t  f o r  a c e n t r a l  a p e r t u r e  through which t h e  sun  i s  viewed. 
P r o t e c t i n g  t h e  ins t ruments  from t h e  rear of t h e  primary s h i e l d  a r e  a  
number of MLI covered secondary s h i e l d s .  I n  t h e  middle of t h e  c e n t r a l  
a p e r t u r e  between t h e  secondary s h i e l d s  sqd ?.he X-ray t e l e s c o p e  i s  a  
h e a t  r e j e c t i o n  mi r ro r .  This m i r r o r  i n t e r c e p t s  a l l  t h e  r a d i a t i o n  pass- 
i n g  through t h e  c e n t r a l  a p e r t u r e  e x c e p t  t h a t  i n  an annulus  around t h e  
outsi.de of t h e  m i r r o r  which s t r i k e s  t h e  e n t r a n c e  a p e r t u r e  of t h e  t e l e -  
scope. F i g u r e  5-3 i s  a s k e t c h  showing t h e  c o n f i g u r a t i o n  i n  t h e  a r e a  
of t h e  X-ray t e lescope .  The thermal  boundary c o n d i t i o n s  a r e  approxi-  
mate upper bounds ob ta ined  from t h e  JPL model (R. Miyake, p r i v a t e  
communication). 
It has  been assumed t h ~ t  STARPROBE w i l l  be a shut t le- launched-miss ion.  
Therefore  t h e  ins t rument  must be a b l e  t o  wi ths tand  t h e  s h u t t l e  launch 
a c o u s t i c  and v i b r a t i o n  loads .  AS&E1s exper ience  w i t h  des igns  f o r  
shu t t l e - l aunched  exper iments  (e.g., ISPM, AUF, e t c . )  h a s  shown t h e  
s p e c t r a  p resen ted  i n  F igura  5-4 f o r  randoui v i b r a t i o n  and F i g u r e  5-5 
f o r  a c o u s t i c  n o i s e  t o  be t y p i c a l  and t h e y  have been used i n  t h i s  
s t u d y  . 
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Figure  5-3. Proposed Layout f o r  t h e  STARPROBE X-Ray Imaging Experiment. 
5- 4 
79" 70" 
1. X-RAY TELESCOPE 
S H U T T L E  LAUNCH RANDOM I N P U T  SPECTRUM 
t . 2  V A L U E  = 10.84 g RMS 
FREQUENCY I N  H z  
Figure 5-4. 
I SPM ACOUSTIC ENV I RONMENT 
k (dB r e  0.0002 p bar) 
113 Octave Band 
Center  Frequency 
5 0 
6 3 


















F i g u r e  5-5. Acoust ic  Environment used f o r  t h e  STARPROBE Study. 
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Four a r e a s  have been addressed i n  t h i s  s t u d y ,  namely 
1, t h e  s e l e c t i o n  of m a t e r i a l s  f o r  t h e  o p t i c a l  bench and t h e  X-ray 
m i r r o r s ,  
2. t h e  s t r u c t u r a l  a n a l y s i s  of t h e  o p t i c a l  bench and t h e  mass pro- 
p e r t i e s  of t h e  i n s t r u m e n t ,  
3. t h e  des ign  of t h e  thermal p r e f i l t e r s  t o  determine s u r v i v a b i l i t y  
t o  t h e  expected thermal  and a c o u s t i c s  l o a d s ,  and 
4. t h e  t o t a l  i n s t r u m e n t ' s  thermal performance. 
M a t e r i a l  S e l e c t i o n  
The most widely  used m a t e r i a l s  f o r  t h e  f a b r i c a t i o n  of X-ray m i r r o r s  
a r e  n icke l -coa ted  bery l l ium and fused  s i l i c a .  The o p t i c a l  bench mate- 
r i a l  must be compatible w i t h  t h e  m i r r o r  m a t e r i a l  from t h e  s t a n d  p o i n t  
of thermal  expansion.  Obvious p a i r t n g s  a r e  a b e r y l l i u m  o p t i c a l  bench 
wi th  a b e r y l l i u m  m i r r o r  and a graph i te lepoxy  bench wi th  a  fused  s i l i c a  
mi r ro r .  (Note. Invar  may a l s o  be matched t o  f u s e d  s i l i c a  but because 
of i t s  h i g h  d e n s i t y  and hence mass i t  has  no t  been cons idered  f o r  t h i s  
a p p l i c a t i o n . )  With good matches between t h e  CTE's ( c o e f f i c i e n t  of 
thermal  expansion)  i n  bo th  s e t s ,  t h e  dec id ing  f a c t o r  is  t h e i r  sus- 
c e p t i b i l i t y  t o  thermal  g r a d i e n t s .  The m a t e r i a l ' e  CTE determines  how 
much each s e t  warps under a  g iven  g r a d i e n t  c o n d i t i o n  whi le  t h e i r  
thermal c o n d u c t i v i t i e s  determine how l a r g e  a  g r a d i e n t  w i l l  occur  i n  a  
g iven t h e r m a l  environment. The r a t i o  of t h e  CTE t o  thermal  conduc- 
t i v i t y  f o r  each  m a t e r i a l  i n d i c a t e s  how much r e l a t i v e  warping might 
occur  and t h e r e f o r e  low v a l u e s  of t h e  r a t i o  a r e  p r e f e r r e d .  
Fused S i l i c a  CTE = 0.5 x 10'~ 
Thermal Conduc t iv i ty  = 0.8 
R a t i o  = 0.5 x  1 0 - ~ / 0 . 8  = 0.625 x  
Graph i te  Epoxy CTE = & 0.05 x  10 '~ 
Thermal Conduc t iv i ty  = 22 
R a t i o  = 0.05 x 1 0 - ~ / 2 2  = 0.0023 x 10 '~  
Beryllium CTE = 6.5 x  lo'\5 
Thermal Conduct ivi ty  = 116 
Ra t io  
From these  f a c t o r s ,  i t  can be seen t h a t ,  a l though graphite/epoxy i s  
supe r io r  t o  the  beryl l ium f o r  the  o p t i c a l  bench, beryl l ium i s  t en  
times b e t t e r  than fused s i l i c a  f o r  t h e  more d i s t o r t i o n - c r i t i c a l  mi r ror  
mater ia l .  Therefore we  suggest  a  beryl l ium mi r ro r ,  beryl l ium o p t i c a l  
bench f o r  the  instrument base l ine .  
5.3 Instrument S t ruc tu re  and Mass P rope r t i e s  
I n  o rde r  t o  cons t ruc t  a  thermal model of an o p t i c a l  bench f o r  t h e  
X-ray te lescope ,  s i z e s  and th icknesses  of main members must be known. 
A f i r s t  o rde r  s t r u c t u r a l  a n a l y s i s  using assumed weights  f o r  components 
was performed e s t a b i i s h i n g  p r a c t i c a i  sizes f o r  t h e  experiment. An 
approximate weight summary f o r  t he  X-ray t e l e scope ,  showing requi red  
components, i s  presented i n  Table 5-1. 
A s t r u c t u r a l  s t r e s s  summary based on the  70" x  10" x  10" x  0.04" w a l l  
beryl l ium bench descr ibed i n  t he  weight summary i s  presented i n  Table 
5-2. The s t r e s s e s  a r e  based on a  maximum loading  of 60 g ' s .  This  
load i s  an a?proximation of the  maximum loading  t h a t  t h e  instrument  
w i l l  f e e l  during launch based on t h e  random spectrum i n  F igure  5-4. 
Due t o  t h e  random na ture  of the  launch e x c i t a t i o n ,  a  50  value of t h e  
g  RMS conten t  of t he  random spectrum i s  used and a  f a c t o r  of 2.0 i s  
appl ied  t o  account f o r  o v e r a l l  system t r a n s m i s s i b i l i t y .  
The al lowable s t r e s s  f o r  t he  beryl l ium was l i m i t e d  t o  the  p rec i s ion  
e l a s t i c  limit ( 1  micro-inch per i nch  permanent o f f s e t ) .  This i n su re s  
t h a t  t h e r e  w i l l  be n e g l i g i b l e  post-launch r e s i d u a l  d i s t o r t i o n  i n  t h e  
system which would tend t o  reduce o p t i c a l  performance, 
For t h e  purpose of t he  prel iminary a n a l y s i s ,  t he  bench was assumed t o  






Comments Assumed Weight 
lb ke: 
1. Optical Bench, 70" x 10" x 10" Box, 
Beryllium .04" Walls 
30% Contingency For Bulkheads, 
Stiffeners, etc. 
2. Primary Mirror, 3.3" x 6.6" x .125" Wall 
deryllium 
30% Contingency Mounting 
3. Secondary Mirror 1.6" x 2.1" x .03" Wall 
4. 2 Shutter Assemblies Based on ISPM Design 
@ .6 lb. 
10% Contingency - 
5. 2 Filter Assemblies Based. on ISPM Design 
@ .6 lb. 
10% Contingency - 
6. 2 CCD Assemblies Based on ISPM Design 
@ .9 lb. 
10% Contingency - 
7. Electronics 
Packages 
Based on ISPM Design, 
Conservative 
8, 2 Radiators @ 2 lb. 12" x 12" x .125" Aluminum 
10% Contingency - 
9. Prefilter Assembly - 
10% Contingency - 
10. MLI Based on ISPM Design 
15% Contingency - 
11. Thermal Control Based on ISPM Design 
10% Contingency - 




13. dverall Contingency - 8.6 3.9 
TOTAL 46.3 lb. 21.0 kg. 
TABLE 5-2 
STRUCTURAL SUMMARY 
o Maximum Bending S t r e s s  = 3800 p s i  
o Bery l l ium Allowable = P r e c i s i o n  E l a s t i c  L imi t  = 8000 p s i  
o F a c t o r  of  S a f e t y  = 2.11 
o Maximum Shear  S t r e s s  = 1570 p s i  
o Bery l l ium Allowable = 4800 p s i  
o F a c t o r  of S a f e t y  = 3.06 
o Fundamental - Bending Frequency = 415 c p s  
t h e  o p t i c a l  a x i s  wtthout inducing thermal d i s c o n t i n u i t y  loads and 
d i s t o r t i o n s  i n t o  t he  system. 
A ske t ch  of a conceptual design f o r  the X-ray te lescope  i s  presented 
i n  F igure  5-6. This ske t ch  shows two f o c a l  planes d e t e c t o r s  one of 
which would be ab l e  t o  move i n t o  p lace  when required.  When t h i o  hap- 
pens, t h e  secondary mirror  would move out  of t h e  X-ray path.  The 
bench and both mirrors  a r e  wrapped i n  MLI t o  c o n t r o l  r a d i a t i v e l y  
induced thermal g rad i en t s  i n  t he  mirrors .  The mi r ro r s ,  p r e f i l t e r s ,  
and CCD's  a r e  joined t o  t he  bench by low conductive mounts. 
5.4 Thermal P r e f i l t e r s  
The X-ray mi r ro r  and the  o p t i c a l  bench a r e  pro tec ted  from d i r e c t  s o l a r  
i l l umina t ion  by t h e  primary hea t  s h i e l d  and t h e  MLI covered secondary 
hea t  s h i e l d s .  To al low t h e  X-ray mir ror  t o  see t h e  sun an ape r tu re  
must be cu t  i n t o  t he  hea t  s h i e l d s  which then a c t  a s  a pre-col l imator  
l i m i t i n g  t h e  fie1,d of view. The X-ray mir ror  has an annular  aper ture .  
A h e a t  r e j e s t i o n  mirror  i s  loca ted  i n  t he  c e n t e r  of t h e  annulus.  The 
annular  a p e r t u r e  i s  covered by t h e  thermal p r e f i l t e r  assembly which 
must r e f l e c t  a l a r g e  f r a c t i o n  of t h e  incoming thermal energy. The 
r e s t  must be absorbed and d i s s i p a t e d  without  mel t ing t h e  p r e f i l t e r s  
, while  allowing t h e  s o f t  X-rays t o  pass  through t o  t h e  de t ec to r .  The 
assembly must be s t rong  enough t o  withstand t h e  launch random and 
a c o u s t i c  loads.  
The p r e f i l t e r  assembly i s  the  most c r i t i c a l  design a r e a  of t h e  t e l e -  
scope. I f  t h e  p r e f i l t e r  can be designed t o  surv ive  t h e  thermal en- 
vironment of pe r ihe l ion ,  t he  components l oca t ed  behind the  p r e f i l t e r s  
w i l l  be sub jec t  t o  a r e l a t i v e l y  benign environment. To accomplish 
t h i s  we have developed t h e  design presented i n  F igure  5-7. The f i r s t  
of t h e  t h r ee  l a y e r s  i n  t h e  assembly is  a pol ished hea t  r e j e c t i o n  de- 
v i c e  made of aluminum. This r e f l e c t s  incoming thermal r a d i a t i o n  i n  
t h e  te lescope  f r o n t a l  a r e a  ou t s ide  the  viewing ape r tu re .  The viewing 
a p e r t u r e  ( i n  t h e  hea t  r e j e c t i o n  device and t h e  two p r e f i l t e r s )  i s  .25" 
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wide. This  is  determined by t h e  l e n g t h  o f  t h e  f i r s t  segment of t h e  
pr imary m i r r o r  ( 3 . 3 " )  and t h e  g r a z i n g  a n g l e  (1.2'). The annulus  must 
be l a r g e  enough t o  a l l o w  t h e  e n t i r e  l e n g t h  of t h e  f i r s t  segment t o  
r e c e i v e  X-rays. The p e r f e c t  viewing annulus  i s  given by 
L = $ s i n  9 
= 3 . 3  s i n  1.2' 
= .069" 
To a l l o w  f o r  thermal growth,  misalignments and f a b r i c a t i o n  t o l e r a n c e s  
an annu lus  af .25" was used. Two p r e f i l t e r s  a r e  used i n  s e r i e s  t o  
prevent  l o c a l  thermal  l eakage  due t o  p inho les .  
The d e s i g n  of t h e  p r e f i l t e r  i s  based on p rov id ing  an open a r e a  of 80%. 
That i s  t h e  t o t a l  blockage of t h e  annulus  due t o  t h e  support  s t r u c t u r e  
and t h e  wire mesh which s u p p o r t s  t h e  p r e f i l t e r  f o i l  must be no more 
than 20%. Allowing 5% f o r  t h e  s u p p o r t i n g  s t r u c t u r e ,  t h e  blockage due 
t o  t h e  wi re  mesh i s  l i m i t e d  t o  15%. This l i m i t s  t h e  mesh wire d i a -  
meter t o  7.5% ~f t h e  mesh spacing.  I n  t h e  fo l lowing  d i s c u s s i o n  mesh 
s i z e s  a r e  d e f i n e d  by t h e  c e n t e r  t o  c e n t e r  s p a c i n g  of t h e  i n d i v i d u a l  
s t r a n d s  of t h e  mesh. 
P re l iminary  a n a l y s i s  based s o l e l y  on t h e  incoming s o l a r  energy,  
i g n o r i n g  r a d i a t i o n  from o t h e r  s o u r c e s ,  and on a  s i n g l e  mesh c e l l ,  
showed t h a t  t h e  l a r g e r  t h e  mesh s i z e  and t h e  l a r g e r  t h e  mesh wi re ,  
t h e  b e t t e r  conduct ion t o  t h e  edge of t h e  f i l t e r ,  but  t h e  poorer  t h e  
conduct ion from t h e  middle of t h e  mesh c e l l  t o  t h e  mesh wire. Con- 
v e r s e l y ,  t h e  s m a l l e r  t h e  c e l l ,  t h e  b e t t e r  t h e  conduct ion from t h e  
c e n t e r  of t h e  mesh c e l l  t o  t h e  mesh wi re ,  bu t  t h e  poorer  t h e  conduc- 
t i o n  t o  t h e  edge of t h e  p r e f i l t e r  due t o  t h e  s m a l l e r  mesh wire 
diameter .  The a n a l y s i s  showed an  optimum mesh s i z e  of 0.052". 
Computer models were then  genera ted  f o r  d i f f e r e n t  mesh s i z e s .  The 
s i z e s  used were: 0.0265", 0.0'!", 0.0417", 0.0357", 0.0313", 0.025", 
and 0.005". A t h i n  s t r i p  of t h e  f i r s t  f i l t e r  was modeled i n  d e t a i l  
w i t h  t h e  r e s t  of t h e  p r e f i l t e r  t r e a t e d  a s  a s i n g l e  node o r  nodes. The 
second p r e f i l t e r  and t h e  h e a t  r e j e c t i o n  d e v i c e  were modeled a s  s i n g l e  
nodes r a d i a t i v e l y  coupled t o  t h e  o p t i c a l  bench and c o n d u c t i v e l y  coupled 
to  a r a d i a t o r  t o  deep space  which i s  r e q u i r e d  t o  d i s s i p a t e  t h e  h e a t .  
Each element of t h i s  assembly was r a d i a t i v e l y  coupled t o  t h e  su r round ing  
s u r f a c e s  which a c t e d  a s  s o u r c e s  of r a d i a t f v e  h e a t  t r a n s f e r .  Incoming 
s o l a r  r a d i a t i o n  was al lowed t o  s t r i k e  each of t h e  e lements  of t h e  as-  
sembly* These models a r e  shown i n  F igures  5-8 th rough  5-12. 
The m a t e r i a l s  cons ide red  were aluminum and b e r y l l i u m  f o r  t h e  f i l t e r  
material and s i l v e r  o r  copper f o r  t h e  mesh wi re .  The r a d i a t o r  s i z e  
and t h e  conduct ion from t h e  edge of t h e  p r e f i l t e r  assembly t o  t h e  
r a d i a t o r  were va r i ed .  The r e s u l t s  showed l i t t l e  dependence of t h e  
t empera tu re  on t h e  r a d q a t o r  s i z e ,  b u t  a marked dependence on conduc- 
t i o n  from t h e  p r e f i l t e r  assembly t o  t h e  r a d i a t o r .  Reslzlts Eor f i l -  
t e r s  of d i f f e r i n g  mesh s i z e s  a r e  shown i n  F i g u r e  5-13 th rough  5-15. 
F i g u r e s  5-13 and 5-14 show t h e  dependence of aluminum and b e r y l l i u m  
f i l t e r s  u s i n g  s i l v e r  mesh w i r e  on t h e  conduc t ion  t o  t h e  r a d i a t o r .  
Data p o i n t s  f o r  copper mesh w i r e  a r e  a l s o  shown, d i s p l a y i n g  a neg- 
l i g i b l e  d i f f e r e n c e  i n  temperature  from comparable s i l v e r  mesh w i r e  
d a t a  p o i n t s .  
F i g u r t  5-15 shows t h e  dependence of t empera tu re  on mesh s i z e .  Models 
were n o t  made f o r  mesh s i z e s  between ,005" and ,025" s o  t h i s  a r e a  of 
t h e  curves  cannot he completed.  Based on t h e  aluminum mel t  tempera- 
t u r e  o f  1680°R, t h e  aluminun. has  a narrow band of  a c c e p t a b l e  mesh 
s i z e s .  Beryl l ium,  w i t h  a melt  t empera tu re  of 2790°R shows a much 
g r e a t e r  s u r v i v a b l e  range.  
These c a l c u l a t i o n s  were performed under  t h e  assumpt ion t h a t  t h e  f i r s t  
set of  be ry l l ium p r e f i l t e r s  were covered w i t h  aluminum t o  i n c r e a s e  
t h e i r  r e f l e c t i v i t y ,  i.e., t h e  o p t i c a l  p r o p e r t i e s  of aluminum r a t h e r  
t h a n  b e r y l l i u m  were used i n  t h e  c a l c u l a t i o n s .  It was po in ted  o u t  (J. 
Underwood, P r i v a t e  Communication) t h a t  at p e r i h e l i o n  e i t h e r  contami- 
n a t i o n  from o u t g a s s i n g  of t h e  thermal  s h i e l d s  o r  t h e  d i r e c t  r a d i a t i o n  
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e f f e c t s  might degrade t h e  f i l m  lower ing  i t s  r e f l e c t i v i t y  and hence 
l e a d i n g  t o  f a i l u r e  of t h e  p r e f i l t e r .  Consequently w e  have s t u d i e d  t h e  
eEfec t  on t h e  p r e f i l t e r  t empera tu re  of v a r y i n g  t h e  a b s o r p t i o n  of  t h e  
p r e f i l t e r  from 15%, t h e  v a l u e  wi th  t h e  aluminum c o a t i n g ,  t o  100%. The 
optimum s i l v e r  mesh s:.ze was used (0.025") and t h e  i n c r e a s e  i n  absorb-  
t f v i t y  caused an i n c r e a s e  i n  r a d i a t i o n  h e a t  t r a n s f e r  and absorbed 
s o l a r  h e a t .  The r e s u l t s  of t h e  a n a l y s i s  a r e  shown i n  F i g u r e  5-16. 
They show t h a t  even a t  t h e  wors t  c a s e ,  where a l l  t h e  i n c i d e n t  h e a t  i s  
absorbed,  t h e  maximum f i l t e r  t empera tu re  is  721°C (1790°R) whi le  t h e  
b e r y l l i u m  m e l t i n g  p o i n t  o c c u r s  a t  1280°C (2790°R). The maximum mesh 
t empera tu re  is  638°C (1641°R) which fs a l s o  comfor tably  below t h e  
s i l v e r  m e l t i n g  p o i n t  of 950°C (2220°R). The pure  aluminum p r e f i l t e r  
would no t  s u r v i v e  under t h e s e  c o n d i t i o n s ,  
Thus even under a  wors t  c a s e  can tamina t ion ,  t h e  b e r y l l i u m  would s t i l l  
f u n c t i o n  e f f e c t i v e l y ,  protecting t h e  X-ray t e l e s c o p e  from e x c e s s i v e  
hea t  l o a d i n g s .  
5.4.1 Acous t i c  Performance 
A s t r u c t u r a l  a n a l y s i s  of t h e  p r e f i l t e r s  based on t h e  a c o u s t i c  spectrum 
i n  F i g u r e  5-5 was c a r r i e d  o u t  t o  de te rmine  t h e  s u r v i v a b i l i t y  of t h e  
p r e f i l t e r s  d u r i n g  launch.  The q u a l i f i c a t i o n  o v e r a l l  a c o u s t i c  p r e s s u r e  
l e v e l  of  147.5 db c o n v e r t s  t o  a s t a t i c  p r e s s u r e  d i f f e r e n t i a l  of .0688 
p s i  a c r o s s  t h e  f i l t e r .  
Two modes of f a i l u r e  were i n v e s t i g a t e d ,  one-time l o a d i n g  and f a t l g u e  
load ing .  Due t o  t h e  random n a t u r e  of s t r u c t u r a l  response  t o  at :onstic 
v i b r a t i o n ,  a 30 Level of t h e  s t a t i c  p r e s s u r e  was assumed. I n  o r d e r  t o  
s u r v i v e ,  t h e  f i l t e r  m a t e r i a l  must have an u l t i m a t e  t e n s i l e  s t r e s s  l e s s  
than  t h i s  l e v e l .  S ince  t h e  l o a d i n g  i s  a l s o  p e r i o d i c ,  a l t e r n a t i n g  from 
a = 0  t o  a = (Jmax, a f a t i g u e  c o n d i t i o n  was ana lyzed .  I n  o r d e r  t o  
s u r v i v e  t h e  f a t i g u e  l o a d i n g ,  t h e  m a t e r i a l  must have an endurance l i m i t  
less t h a n  112 arnax. 
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Figure 5-16. 
Two areas of t h e  p r e f i l t e r  were examined f o r  f a i l u r e .  The f i r s t  was 
t h e  l o c a l  s t r e s s  i n  t h e  i n d i v i d u a l  f i l t e r  mesh ce l l ,  c o n s i d e r i n g  t h e  
f i l t e r  m a t e r i a l  t o  be supported on f o u r  s i d e s  by t h e  mesh wire. The 
second was t h e  o v e r a l l  stress i n  t h e  p r e f i l t e r ,  look ing  a t  t h e  e n t i r e  
p r e f i l t e r  suppor ted by t h e  ho lder .  
R e s u l t s  of t h e s e  a n a l y s e s  a r e  shown i n  F igure  5-17 through 5-21. 
These f i g u r e s  show t h a t  t h e  aluminum mesh s i z e  must be between ,011" 
and ,029" i n  o r d e r  t o  s u r v i v e  launch,  whi le  t h e  be ry l l ium f i l t e r  s u r -  
v ives  throughout  t h e  range we have analyzed.  Based on t h i s  a n a l y s i s  
and rev iew of t h e  a l lowable  s t r e s s e s  ( s e e  Appendix) t h e  be ry l l ium 
F i l t e r  appears  t o  be a  s u p e r i o r  c a n d i d a t e  from t h e  s t a n d p o i n t  of 
s u r v i v i n g  launch. 
5.5 O v e r a l l  System Performance 
A thermal  model of t h e  o v e r a l l  system was developed and is  shown i n  
F igure  5-22. Heat from a l l  r a d i a t i v e  and s o l a r  s o u r c e s  was consid-  
e r e d ,  i n c l u d i n g  an  es t imated  2 . 3  w a t t s  f o r  t h e  e l e c t r o n i c s .  Various 
amounts of h e a t  from supplementary h e a t e r s  was added t o  minimize 
and c o n t r o l  g r a d i e n t s  i n  t h e  m i r r o r  and bench. R e s u l t s  u s i n g  1  f t 2  
r a d i a t o r s  f o r  t h e  p r e f i l t e r s  and f o r  t h e  CCD's a r e  g iven  i n  Table  5-3 
f o r  v a r i o u s  h e a t e r  i n p u t s .  
The d i f f e r e n t  h e a t e r  i n p u t s  a r e  used t o  i n v e s t i g a t e  t h e  r e d u c t i o n  of 
g r a d i e n t s  w i t h i n  each m i r r o r  arid between t h e  primary and secondary 
m i r r o r s  w h i l e  main ta in ing  t h e  CCD t empera tu re  a t  a  r easonab le  value .  
Although some smoothing of g r a d i e n t s  i s  achieved by i n c r e a s i n g  t h e  
h e a t e r  power, t h e  e f f e c t s  a r e  smal l  and t h e  subsequent a n a l y s i s  i s  
based on t h e  thermal  environment developed f o r  0 = 2.34 watts, 
The d i s t o r t i o n s  i n  t h e  m i r r o r s  and t h e  r e s u l t i n g  d e g r a d a t i o n  i n  reso- 
l u t i o n  of t h e  t e l e s c o p e  due t o  thermal  soaks  and thermal  g r a d i e n t s  i n  
t h e  m i r r o r s  have been es t imated .  I n  o r d e r  t o  minimize t h e  problems 
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TABLE 5-3 
Ins t rument  Temperatures and Grad ien t s  a s  a Function o f  Heater  Powed 
Temperatures i n  O C  
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of thermal  soaks ,  t h e  cho ices  f o r  t h e  m i r r o r  and bench m a t e r i a l s  were 
l i m i t e d  t o  m a t e r i a l s  wi th  similar c o e f f i c i e n t s  of thermal expansion 
(CTE). A summary of e r r o r s  from f i v e  sources  i s  g i v e n  i n  Table  5-4. 
The s o u r c e s  a r e :  
1. A t empera tu re  d i f f e r e n c e  between two s i d e s  of each of t h e  m i r -  
r o r  sets. Eark. - : *  ,?r s e t  deforms from a  s t r a i g h t  t o  a  curved 
c y l i n d e r .  
2. k g r a d i e n t  between t h e  t ~ o  ends of t h e  primary m i r r o r  set. 
3. An end t o  end g r a d i e n t  i n  t h e  magnifying m i r r o r  s e t .  
4. A change i n  t h e  t empera tu re  throughout t h e  e n t i r e  t e l e s c o p e .  
Th is  e r r o r  r e s u l t s  from t h e  mi r ro r  growing r a d i a l l y  a t  a  r a t e  
d i f f e r e n t  from i t s  mounts. The a n a l y s i s  assumed c h a t  t h e  mi r ro r  
bulkhead i s  r i g i d .  
5, A d i f f e r e n c e  i n  temperatures  between t h e  primary and magnifying 
s e t s .  
A s  can be seen  from t h e  r e s u l t s  i n  Table 5-4 t h e  d i s t o r t i o n s  due t o  t h e  
thermal  soak dominate t h e  e f f e c t s  on t h e  r e s o l u t i o n .  Since  i t  i s  much 
e a s i e r  t o  minimize thermal g r a d i e n t s  i n  t h e  system than  i t  i s  t o  mini- 
mize bulk  t empera tu re ,  i t  i s  d e s i r a b l e  t o  mechanical ly  i s o l a t e  t h e  
m i r r o r s  from t h e  bench by means of r a d i a l  f l e x u r e s  which would a l low 
d i f f e r e n t i a l  r a d i a l  growth between t h e  o p t i c a l  bench and m i r r o r s  wi thou t  
impar t ing  excess ive  l o a d s  on t h e  m i r r o r s  and thus  d i s t o r t i n g  them. Th is  
i s  a relatively s t r a i g h t f o r ~ a r d  and w e l l  t e s t e d  s a l u t i o n  and should n o t  
impose any major p r o b l e m .  
The d a t a  from t h e s e  ana lyses  a r e  used i n  t h e  d e t e r m i n a t i o n  of accept-  
a b l e  thermal  limits, i . e . ,  f o r  a  be ry l l ium m i r r o r ,  a s ide - to - s ide  
t empera tu re  g r a d i e n t  most s t r o n g l y  a f f e c t s  t h e  r e s o l u t i o n .  To keep 
t h i s  source  from i n f l u e n c i n g  t h e  r e s o l u t i o n  of t h e  t o t a l  i n s t r u m e n t ,  
t h i s  g r a d i e n t  must be k e p t  below O.Ol°C. 
Provided adequa te ly  s i z e d  r a d i a t o r s  a r e  a v a i l a b l e  (1 f t 2 )  t h e  CCDs can . 
be mainta ined a t  a  t e m p e r a t m e  of o r d e r  -90°C which our  exper ience  
shows i s  adequate .  
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The o p e r a t i n g  t empera tu re  of t h e  ins t rument  package t h a t  r e s u l t s  f r o a  
t h i s  des ign  i s  q u i t e  high.  The a c t u a l  temperature  d i s t r i b u t i o n  de- 
pends upon t h e  t empera tu re  of t h e  rear of t h e  secondary h e a t  s h i e l d s .  
The p r e l i m i n a r y  J P L  thermal model had e s t a b l i s h e d  t h e  l i m i t s  on t h i s  
t empera tu re  t o  be 50 - 100°C. To be c o n s e r v a t i v e  we have used t h e  
upper egd of t h i s  range.  Any r e d u c t i o n  i n  i t s  v a l u e  would produce a  
correcponding r e d u c t i o n  i n  t h e  t empera tu re  of t h e  X-ray ins t rument .  
I n  t h e  worst  c a s e ,  where t h e  upper l i m i t  i s  t h e  a c t u a l  temperature  of 
t h e  s h i e l d s ,  w e  b e l i e v e  i t  would be p o s s i b l e  t o  lower t h e  temperature  
of t h e  ins t rument  by conduc t ive ly  coup l ing  t h e  f r o n t  of t h e  bench t o  a  
deep space r a d i a t o r .  However u n t i l  t h e  thermal  environment a t  t h e  
r e a r  of t h e  secondary s h i e l d s  is  b e t t e r  known a d d i t i o n a l  work i n  t h i s  
area i s  not  warranted.  
5.6 Conclusions and Recommendations 
The conc lus ions  and recommendations of t h e  s t r u c t u r a l  and thermal 
a n a l y s i s  a r e  summarized below. 
1. The thermal p r e f i l t e r s  should  be made of b e r y l l i u m  w i t h  e i t h e r  
copper o r  s i l v e r  mesh w i r e  suppor t .  The mesh s i z e  should be 
between .025" and .05" wi th  a  mesh w i r e  d iamete r  of 7.5% of t h e  
mesh spac ing .  
2.  The h e a t  r e j e c t i o n  m i r r o r  should  be 3" i n  d iamete r  t o  a l low a 
viewing annulus  compatible w i t h  t h e  X-ray m i r r o r .  
3 .  T h e p r i m a r y h e a t s h i e l d a p e r t u r e  s h o u l d b e a s  s m a l l a s  p o s s i b l e  
compat ible  wi th  t h e  viewing annulus .  
4. The o p t i c a l  bench and m i r r o r s  shou ld  be rnade of beryl l ium.  
5. A h e a t  r e j e c t i o n  dev ice  shou ld  be employed i n  f r o n t  of t h e  pre- 
f i l t e r s  t o  minimize h e a t  load ings .  
6. The m i r r o r s  shou ld  be mechanical ly  decoupled from t h e  o p t i c a l  
bench by means QE f lexures .  t o  minimize d i s t o r t i o n s  i n  t h e  
m i r r o r s  dur ing  a thermal ssak.  
7. A minimum of 6.00 w a t t s  (3.5 f o r  e l e c t r o n i c s  + 2.5 f o r  h e a t e r s )  
shou ld  be provided.  
8. The p r e f i l t e r s  and C C D 1 s  shou ld  be cooled by means of 1 f t 2  
aluminum r a d i a t o r s  wLth c l e a r  views t o  deep space.  
6.0 GENERAL CONCLUSIONS 
The purpose of t h e  s tudy was t o  determine whether an X-ray imaging 
instrument  could be designed t o  su rv ive  t h e  STARPROBE environment. 
Our ana lyses  i n d i c a t e  t h a t  we  can answer t h i s  ques t ion  i n  t he  a f -  
f i rmat ive .  The base l ine  design does depend on t h e  development of new 
technology but  where new technology i s  proposed i t  is  t o  enhance the  
s c i e n t i f i c  ob j ec t i ve s  not  t o  ensure s u r v i v a b i l i t y .  
The te lescope  c o n s i s t s  of two graz ing  inc idence  mirrors .  The second, 
d iverg ing  mir ror  is  loca ted  i n  f r o n t  of t h e  primary f o c a l  plane and 
magnifies t h e  primary innage by exteriding t h e  e f f e c t i v e  f o c a l  l ength  of 
the  system. CCD cameras a r e  provided a t  both the primary and secon- 
dary f o c i  and both a r e  used t o  achieve t h e  s c i e n t i f i c  ob j ec t i ves .  
This combination w i l l  provide a s p a t i a l  r e s o l u t i o n  (two p i x e l s )  of 20 
km a t  p e r i h e l i o n  which i s  approximately 40 t imes b e t t e r  than the  bes t  
r e s o l u t i o n  achieved t o  d a t e  from e a r t h  o r b i t .  
Exposure times would be less than one second. 
The major ques t ion  a t  t he  s t a r t  of t h e  program was t he  design of t h e  
p r e f i l t e r s  and whether they could be made t o  surv ive  t h e  thermal load- 
ing. By going t o  a beryl l ium p r e f i l t e r  mounted on a s i l v e r  mesh, a 
technology which i s  a v a i l a b l e ,  t h e  p r e f i l t e r s  have a comfortable sa fe -  
t y  margin and the  design of the  r e s t  of t he  instrument  can proceed i n  
a normal fash ion  
The proposed s o f t  X-ray te lescope  could be contained wi th in  a volume 
of dimensions 1.80 m x 0.3 m x 0.3 m. The mass of t h e  instrument  
inc lud ing  a 23% o v e r a l l  contingency is  est imated t o  be 21 kg. The 
power requi red ,  inc lud ing  h e a t e r s ,  i s  es t imated  a t  6 W although a 
s a f e r  number f o r  planning purposes woulri be 10 W. 
I f  futu,re  s t u d i e s  a r e  commissioned s e v e r a l  gene ra l  t o p i c s  should be 
considered before  d e t a i l e d  instrument  designs a r e  prepared. The most 
impor tan t  of t h e s e  i s  a s tudy  of t h e  time varying thermal  problem 
cover ing  t h e  range of f 10 hours  about p e r i h e l i o n .  Th is  s t u d y  should 
i n c l u d e  a more thorough e v a l u a t i o n  of t h e  environment behind t h e  hea t -  
s h i e l d s .  The model shou ld  i n c l u d e  feedback from t h e  p r e l i m i n a r y  de- 
s i g n s  f o r  t h e  X-ray and Visible/UV t e l e s c o p e s .  A k-uwledge of t h i s  
environmect i s  c r u c i a l  t o  determining t h e  f i n a l  t empera tu res  of t h e  
imaging Lns t ruments  . 
L i t t l e  c o n s i d e r a t i o n  was given t o  t h e  o b s e r v a t i o n  sequences t h a t  would 
be r e q u i r e d  t o  s a t i s f y  t h e  s c i e n t i f i c  o b j e c t i v e s .  S ince  t h e s e  a f f e c t  
t h e  t e l e a e t r y  and p o i n t i n g  requirements  t h e y  must be e s t a b l i s h e d  t o  
determine i f  they have a major impact on t h e  s p a c e c r a f t .  
The thermal  models used i n  t h e  s t u d y  r e l i e d  upon s e v e r a l  r a d i a t i n g  
s u r f a c e s  w i t h  a c l e a r  view of deep space.  Although t h e  a r e a  of t h e s e  
s u r f a c e s  was no t  l a r g e ,  they would a lmost  c e r t a i n l y  be competing f o r  
t h e  a v a i l a b l e  s o l i d  a n g l e  wi th  r a d i a t o r s  from o t h e r  ins t ruments .  To 
determine i f  t h e  X-ray ins t ruments  requirements  can be m e t  a d e t a i l e d  
d e s i g n  of t h e  whole s p a c e c r a f t  must be made. 
I n  summary we have uncovered no reason  why an X-ray imaging ins t rument  
cannot  be des igned t o  s u r v i v e  t h e  STARPROBE environment. The s p a t l a l  
r e s o l u t i o n  of t h e  in format ion  recorded by t h e  b a s e l i n e  d e s i g n  would be 
a t  l e a s t  a f a c t o r  of 10 b e t t e r  t h a n  can reasonab ly  be expected from 
e a r t h  o r b i t .  This  in fo rmat ion ,  t o g e t h e r  w i t h  t h e  companion d a t a  pro- 
v ided by t h e  accompanying ins t ruments ,  would l e a d  t o  a more profound 
unders tand ing  of t h e  s t r u c t u r e  and dynamics of t h e  s o l a r  atmosphere. 
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